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SECTION 4 
 





The water balance tool developed for the Taunton River Watershed Study is a planning 
level assessment designed to evaluate the hydrologic impacts associated with water 
supply withdrawals, wastewater discharges and stormwater runoff associated with land 
uses.  The method uses a mass balance approach that accounts for net changes in 
groundwater recharge as it relates to base flow to streams and wetlands on an annual 
basis.  It estimates stream base flow changes resulting from water withdrawal, water 
transfer, wastewater discharges and stormwater runoff associated with different land uses.  
Base flow is the flow that sustains the stream between precipitation and runoff events.  It 
is derived from discharge from groundwater and from surface water storage released 
from wetlands and impoundments.  Base flow is the stream flow that continues after 
runoff from precipitation has ceased for several days.   
 
The tool is intended primarily for comparative purposes between and among sub-
watersheds.  Different sub-watersheds of the Taunton River watershed can be compared 
against each other in terms of their relative degree of water balance impairment.  This 
information will serve as a means to target sub-watersheds in greatest need of remedial 
activities and to evaluate the water balance impacts of potential land use management 
options.  This water balance tool calculates both pre-development (natural), and post-
development recharge.  It also provides a tool to evaluate future land use scenarios and 
the associated water, sewer and stormwater infrastructure impacts. 
 
Massachusetts DEP and EOEEA have developed policies to “keep water local” by 
maintaining a balance between water withdrawal and discharges 
(http://mass.gov/dep/water/local.htm).  The DEP website provides an excellent overview 
of this policy as follows.   
 
Massachusetts is considered “water rich” in comparison to other regions of the 
country.  However, Massachusetts’ water is not always located in the areas where it 
is most needed.  In many areas of the state, the natural water cycle has been 
disrupted by the demands for clean water for consumptive use and the need to dispose 
of wastewater in an environmentally responsible manner.  Clean drinking water is 
often obtained from groundwater wells located in the headwaters of our streams.  The 
water is used by residences and businesses, and then in many cases discharged to a 
sewer system that delivers the wastewater to a centralized treatment facility that 
discharges the treated wastewater some distance away to a mainstem of the river or 
to the ocean.  The naturally occurring phenomenon of groundwater serving as base 
flow to the smaller streams as they progress to larger streams and then to rivers has 
been short circuited, at least in part, by water supply systems and wastewater 
collection systems.  This effect is further compounded in developed areas as the 
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amount of impervious surface area increases.  Rainfall that normally recharges 
groundwater to serve as future base flow may be diverted off impermeable surfaces of 
developed areas and captured by storm drains that discharge directly to streams. 
 
This type of water balance approach is presented in a recent publication by the USGS that 
describes a “two dimensional” analysis that depicts “human withdrawals” and “human 
return flows” as a valid method to evaluate the “sustainability of human water use 
practices” (Weiskel et al., 2006).  Another study by the US Geological Survey (USGS) of 
the Ipswich, Blackstone and SuAsCo basins (and their sub-watersheds) also examines 
water balance (withdrawals versus return flows) and their impact on fisheries (Armstrong 
et al., 2008).   
 
 
2.0 WATER BALANCE METHODOLOGY 
 
Water balance calculations were conducted on the Hydrologic Unit Code (HUC) 14 sub-
watershed scale, referring to the 14 digits in the code name for each sub-watershed.  The 
more digits in the HUC code, the smaller the sub-watersheds.  These sub-watersheds are 
the smallest sub-watersheds delineated in MassGIS and there are 108 in the Taunton 
River Watershed.  It is understood that these sub-watershed delineations are based on 
surface water drainage areas and may not always exactly coincide with groundwater 
contributing areas.  In early discussions with the Steering Committee for this project it 
was decided to use the HUC-14 sub-watersheds as the best available, published data to 
subdivide the project, despite any limitations of those delineations.  The HUC-14 sub-
watershed water balance results can be grouped together to look at water balance issues 
for HUC-12 or HUC-10 sub-watersheds, or for specific resource areas of interest, 
 
A central assumption behind the water balance tool is that groundwater recharge is the 
primary source of base flow to streams and that declines in recharge will result in 
diminished base flow and potential ecological impacts including habitat loss.  This 
relationship between groundwater discharge and base flow is an accepted principal in 
hydrology, as cited in Hansen & Lapham (1992) “stream base flow during periods of 
average groundwater storage can be used to estimate recharge.”  The groundwater 
recharge we refer to here that sustains base flow to streams is sometimes referred to as 
“effective” or “net” groundwater recharge to distinguish it from the shallow groundwater 
recharge that may be intercepted and evapotranspired by plants before it reaches streams 
or rivers.  For simplicity, we simply use the term “recharge” here but “effective” or “net” 
recharge is implied.  In addition, some portion of the groundwater recharge in a sub-
watershed may exit the sub-watershed as underflow beneath the streams.  That underflow 
component is likely negligible in the sub-watersheds of the Taunton River watershed and 
is not considered here. 
 
Groundwater recharge rates were selected based upon literature values from 
representative USGS studies, and by comparing them to actual measured flow at a USGS 
gage station at Rattlesnake Creek in the Taunton River Watershed.  The resulting 
recharge rates were then applied to each sub-watershed along with the permitted water 
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withdrawals, discharges and the existing land uses in order to estimate the resultant base 
flow for each stream draining a given sub-watershed.  These estimates for the developed 
conditions were then compared to pre-development streamflow estimates for each sub-
watershed.  These comparisons give a planner a measure of the relative impacts that 
development has had on the water balance in each sub-watershed in order to help 
prioritize actions to address these development impacts.  Additionally, this planning tool 
can be used to estimate future relative impacts of proposed alternative development 
plans.  It can also be used to evaluate impacts across groups of sub-watersheds 
contributing to key resources, such as the Hockomock Swamp or certain tributaries of the 
Taunton River. 
 
One key characteristic of this water balance planning tool is that it focuses on average 
annual conditions as a planning level assessment of the overall hydrologic balance of 
subject watersheds.  Because water discharged to a gaining stream from groundwater is 
the primary source of the base flow that occurs between precipitation-runoff events, 
average annual groundwater recharge within a watershed can be considered as a proxy 
for average annual base flow discharge.  That is, provided that there is no long-term 
change in storage volume within the watershed and there is no significant component of 
groundwater underflow, net groundwater recharge within a basin must approximate net 
stream base flow gain within the basin on a long-term average basis.   
 
By focusing on groundwater recharge as a proxy for average annual base flow in a 
stream, we can ignore many of the temporal fluctuations that complicate streamflow 
evaluations while still allowing us to effectively evaluate the overall long-term 
hydrologic health of a watershed.  Given the difficulty of obtaining the time-dependent 
data necessary to accurately evaluate surface water flow conditions, this groundwater 
recharge approach is considered a pragmatic and effective planning level tool. 
 
Although the water balance tool focuses on groundwater as the dominant source 
sustaining base flow to streams, please note that the tool also incorporates significant 
surface water withdrawals and surface water discharges.  Infrequent or “flashy” surface 
water components such as stormwater discharges to surface waters are not evaluated in 
the tool because they do not effectively support the long term stream base flow that is so 
important for ecological and habitat concerns.  However, major permitted surface water 
withdrawals, such as public water supplies, are included because they occur regularly and 
steadily in a manner that is likely to reduce base flow.  Similarly major surface water 
discharges, such as wastewater treatment plants, permitted under the NPDES are included 
because they occur with sufficient regularity to support stream base flow.   
 
The water balance tool is run under separate scenarios including and excluding major 
surface water components.  This separation allows for an evaluation of the surface water 
component to the water balance of any specific sub-watershed.  This is particularly 
significant for small sub-watersheds that may happen to have a major wastewater NPDES 
discharge that can potentially constitute a large proportion of the base flow during 
naturally dry periods. 
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This water balance tool evaluates conditions over an average annual period for the 
purposes of planning level decision making and understanding.  Therefore, the tool does 
not incorporate drought conditions that may occur in certain years and which can affect 
the water balance in a given period.  Within the Taunton watershed, climate conditions 
can be such that certain areas of the watershed may experience drought conditions while 
others may not.  These types of anomalies are not captured in this tool.  
 
 
3.0 STRUCTURE OF THE WATER BALANCE TOOL 
 
Mathematically, the groundwater recharge-based water balance approach is expressed as 
follows: 
 
BF  = (GWnat +WWGWDP + WWseptic ) – (WSWMA + WSprvt + SWEIA ) 
 
Where: 
• BF  =  Average annual base flow in a stream;  
• GWnat  =  Natural groundwater recharge; 
• WWGWDP =  Groundwater Discharge Permit inflows; 
• WWseptic =  Private septic system inflows; 
• WSWMA =  Water Management Act permitted groundwater withdrawals;   
• WSprvt  =  Private groundwater withdrawals; and 
• SWEIA  = Stormwater runoff from effective impervious areas. 
 
Note:  Units for all data inputs must be consistent and are either in gallons per 
year (GPY) or cubic feet per second (cfs). 
 
In addition, surface water withdrawals (with Water Management Act permits) and inputs 
(with NPDES permits) were taken into account for comparison purposes.  Comparative 
results are described in Section 7.0 of this report. 
 
Figure 4.1 illustrates the various inputs and outputs of the water balance methodology in 
graphical format.  One of the primary considerations is how drinking water and 
wastewater services are supplied to given land areas.  A land area may receive public 
water supply or be served by private wells.  Similarly, it may be served by public 
wastewater or have private septic systems.  Alternatively, either water supply or 
wastewater can be served publicly while the other is served privately.  Other examples 
include withdrawals for golf course irrigation, industrial uses, or agriculture, among 
others.  Other groundwater discharges may be associated with industrial wastewater or 
wastewater from large private facilities.  Discharges flowing directly to surface waters, 
such as those permitted through the NPDES program do not provide groundwater 
recharge to the watershed.   
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4.0 WATER BALANCE INPUTS 
 
This Section describes all inputs to the water balance model.  In addition, a summary of 
all assumptions used in the model is provided in Appendix A.  This Appendix also 
provides information on the sources for these assumptions.  
 
4.1. Natural Recharge 
 
Natural recharge is the amount of average annual precipitation infiltrating pervious 
ground cover to recharge the underlying groundwater aquifer and support base flow to 
streams.  Natural recharge is distinct from wastewater discharges and other anthropogenic 
sources that infiltrate to groundwater.  As described in Section 4, Subsection 2.0, 
groundwater recharge for this report is equivalent to the terms “effective” or “net” 
recharge sometimes used to specify that is the amount of groundwater recharge available 
to support stream base flow after all losses to evapotranspiration or runoff have been 
accounted for, and assuming that underflow out of the basin is negligible.  
 
Long term average natural recharge in the Taunton River sub-watershed varies spatially 
depending upon the presence of permeable or impermeable land use coverage and the 
underlying surficial geology.  Land areas for each surficial geological formation were 
calculated in GIS.  Initial recharge rates based on available USGS information and best 
professional judgment were evaluated for each surficial geological area.  Important 
USGS sources used include Hansen and Lapham (1992), Mullaney (2004), Bent (1995), 
Morrisey (1983) and Melvin et al (1992).  These were refined and adjusted to match 
actual base flow measurements within the Taunton River Watershed.  The potential range 
of recharge rates from the literature is as follows in Table 4.1. 
 
Table 4.1.  Recharge Rates from Applicable Publications 
Surficial Geology Type Recharge Rate (inches/year) 
Sand and gravel deposits 8-26 
Till or bedrock 1-23 
Fine-grained deposits and floodplain alluvium 5-10 
 
To better refine the potential range of recharge rates and to select representative recharge 
rates for the Taunton River Watershed, an analysis of stream base flow measurements 
from Rattlesnake Creek was undertaken.  The Rattlesnake sub-watershed was selected 
because it is largely undeveloped, and daily flow data was available from a USGS gage 
station.  It was important to select an undeveloped sub-watershed to remove the impacts 
of water withdrawals and return flows, thereby focusing the analysis on natural recharge.  
As shown in Figure 4.2, the Rattlesnake sub-watershed is located in Freetown and Fall 
River and covers an area of approximately 2,700 acres, most of which is undeveloped and 
only 2% of which is impervious.  Rattlesnake Brook flows generally from south to north 
through the watershed.  Wetlands cover approximately 315 acres, or 12% of the sub-
watershed.  Impervious areas and wetlands are shown in Figure 4.3.  
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Wetlands and Impervious Surfaces
in Rattlesnake Sub-watershed
 
According to MassGIS (see Figure 4.4), surficial geology in the sub-watershed is divided 
into the following three categories:  
 
• Sand and gravel: 31%; 
• Till or bedrock: 64%; and 
• Floodplain alluvium: 5%. 
 
Approximately 2,600 acres of the sub-watershed (97%) are forested area, only 9 acres 
(0.3%) are residential; and none of the watershed is commercial or industrial land.  The 
impact of development on recharge and the overall water balance is therefore assumed to 
be negligible. 
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Surficial Geology in 
Rattlesnake Sub-watershed
 The USGS started collecting real-time stream flow data for the Rattlesnake Brook near 
Assonet (USGS station 01109090) in January 2007.  As a result, a full year of daily mean 
flow January 1, 2007 - December 31, 2007 was reviewed for the USGS gauge station.  
The stream and gauge location are provided in Figure 4.5.  Given that only one full year 
of data have been collected, statistical flows are not available for the stream.  An average 
annual base flow for Rattlesnake was estimated by comparing its measured flows to long 
term data obtained for another Massachusetts reference stream that is geographically 
close to Rattlesnake, and has similar watershed characteristics.   
 
Watershed characteristics such as drainage area, mean basin slope, and stratified drift 
area per stream length were obtained from the USGS StreamStats web-based tool for the 
Rattlesnake sub-watershed.  These characteristics were then compared to those of the 
Index Streams identified in the 2007 Index Streamflows for Massachusetts Draft Report 
(DCR, October 2007) to identify Candidate Index Streams for comparison to Rattlesnake 
Brook.  The characteristics of these Index Streams in relation to Rattlesnake Brook are 
illustrated in Table 4.2.  Old Swamp River in Weymouth, Massachusetts was selected as 
the most appropriate Index Stream for comparison. 
 
Table 4.2.  Watershed characteristics for Rattlesnake Brook and three reference 
streams  
USGS 














01109090 Rattlesnake Brook Freetown, MA 4.22 1.84 0.19 
01118300 Pendleton Hill Brook Clarks Falls, CT 4.02 6.47 0.065 
01105600 Old Swamp River Weymouth, MA 4.39 3.11 0.142 
01115098 Peeptoad Brook Westerly, MA 4.96 6.94 0.231 
* Selected stream characteristic in bold 
 
To further illustrate the similarity between the Old Swamp River index stream and 
Rattlesnake Brook, Figure 4.6 displays the 2007 hydrographs for both streams, in cubic 
feet per second per square mile of drainage area (cfsm).  As can be seen in that figure, the 
flow characteristics are generally similar between the two streams.  Owing to its higher 
percentage of impervious surfaces and increased stormwater runoff, the Old Swamp 
River index stream is a little more flashy in its flow record, exhibiting higher short 
duration peak flows and generally slightly lower base flows. 
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USGS Stream Gauge Station
Rattlesnake Sub-watershed
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The USGS period of record for discharge of the Old Swamp River covers the period 
between May 1966 and the current year.  Mean daily flows and daily statistical flows are 
available for that river.  Those statistical data were used to calculate the mean of the 
minimum flows in order to approximate an average annual base flow for Old Swamp 
River.  Essentially, the minimum daily January flow was identified for each year of the 
twenty years between 1987 and 2006 and then all of the January minimum flows from all 
of the years were averaged together to provide an average January minimum daily flow.  
That same process was repeated for each of the other months over the same period of 20 
years.  Finally, all twelve average monthly minimum flows were averaged together to 
provide a long term average mean of the minimum monthly flows, which is considered a 
representative estimate of average annual base flow.  That value for Old Swamp River is 
2.93 cubic feet per second (cfs).  The monthly ratios of the 2007 minimum monthly flows 
to the long term average mean of the minimum monthly flows for Old Swamp River were 
then calculated and applied to the 2007 minimum monthly flows for Rattlesnake Brook to 
produce a long term average mean of the minimum monthly flows; which is considered a 
representative estimate of average annual base flow for Rattlesnake Brook.  The 
estimated, representative, average annual base flow for Rattlesnake Brook, calculated by 
this technique is 4.8 cfs. 
 
For comparison purposes, the online hydrograph separation program WHAT (Purdue 
University) was used on the 2007 Rattlesnake Brook data and a baseflow of 5.1 cfs was 
estimated.  However, 2007 appeared to be a relatively dry year for Old Swamp River so 
the overall baseflow is likely higher than that estimated for 2007.  The hydrograph 
separation technique for Old Swamp River showed that the 2007 estimated baseflow was 
approximately 75% of that estimated for the last 20 years.  Applying that same ratio to 
Rattlesnake brook would result in an overall estimated baseflow of 6.4 cfs, a number that 
would require recharge rates at or above the maximum range support by literature.   
 
The estimated Rattlesnake Brook representative base flow of 4.8 cfs was then used to 
refine the selection of the most representative recharge rates for each category of surficial 
geology, for use throughout the Taunton River Watershed.  Annual recharge rates for the 
various types of surficial geology were within the ranges shown in Table 4.1, and the 
calculated recharge flow was compared to the estimated representative stream base flow 
of 4.8 cfs.  
 
Table 4.3 shows the base flows generated by the water balance tool under a subset of 
recharge rate assumptions.  The base flow closest to the estimated value of 4.8 cfs was 
obtained for recharge rates of 25 inches per year (in/yr) for sand and gravel, and 14 in/yr 
for till or bedrock.  Variation in the recharge rates for floodplain alluvium/fine grained 
deposits had no observable effect on the base flow calculated by the water balance tool 
since the area of fine grained deposits in the Rattlesnake Brook sub-watershed is 
minimal.  A recharge rate of 5 in/yr was estimated for Floodplain Alluvium or other fine-
grained deposits.  Floodplain Alluvium or other fine-grained deposits are relatively rare 
throughout the entire Taunton River Watershed.  In most cases, much of the fine grained 
deposits and floodplain alluvium is overlain by wetlands, which, as discussed further 
below, supersedes the recharge rate of these types of geology.  
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Table 4.3.  Base flow in Rattlesnake Brook Generated by Water Balance Tool using 
Varying Recharge Rate Assumptions  
Sand / Gravel Recharge Rate (in/yr) 22 22 24 24 25 26 
Till / Bedrock Recharge Rate (in/yr) 10 12 12 14 14 14 
Calculated Base Flow (cfs) 3.8 4.2 4.4 4.7 4.8 4.9 
* Selected values highlighted 
 
Wetland areas have unique recharge characteristics with evaporation (ET) rates that 
approach precipitation rates leaving little or no available water for recharge to the 
underlying soils.  In fact, most wetlands are considered to be groundwater discharge 
areas.  Therefore, we have used a zero recharge rate for wetlands.  This is consistent with 
USGS modeling assumptions in the Plymouth-Carver Aquifer (Hansen and Lapham, 
1992).  The presence of wetlands supersedes the underlying surficial geology such that all 
wetland areas have a simulated recharge rate of zero in/yr, regardless of the underlying 
surficial geology.  Because of the consumptive water demands of Cranberry Cultivation 
for irrigation, frost protection and harvesting exceed the natural precipitation rate, 
cranberry bogs have a net negative impact on recharge from a water balance standpoint.  
Consistent with prior hydrologic modeling done by the USGS in the nearby Plymouth-
Carver Aquifer, cranberry bogs were assigned a negative net recharge rate of -17 in/yr 
(Hansen and Lapham, 1992).  This negative recharge rates includes all water use for the 
bogs (irrigation, flooding, etc.). 
 
Characteristics of sub-watersheds of the Taunton River Watershed vary in terms of size, 
surficial geology cover distribution, basin slope, land use characteristics, and, to a lesser 
extent, climate.  The Rattlesnake Brook sub-watershed is among the lesser developed 
sub-watersheds in the watershed but its natural characteristics are well within the range of 
variability exhibited among the 108 sub-watersheds of the Taunton River Watershed.   
 
Please be aware that the recharge rates estimated here for the Taunton River Watershed 
are simply representative estimates developed using the best data available at the time of 
this study.  In all likelihood, recharge rates may vary from location to location at a scale 
smaller than mapped surficial geology coverage.  It is notable that recharge rate estimates 
in southern New England have been climbing in recent decades with new research.  
Future research may well better refine recharge rates for the Taunton River Watershed.  
For the purposes of this study, however, the estimated representative recharge rates are 
more than adequate for the goals of this water balance planning tool.  Water balance 
discrepancies between sub-watersheds can be effectively compared and evaluated. 
 
4.2. Impervious Surfaces 
 
Impervious and pervious surfaces were identified throughout the watershed using a 
MassGIS image shapefile produced in 2007 that displays all of the impervious areas 
throughout the state.  Impervious surfaces include rooftops, roads, parking lots, and 
incidental impermeable surfaces such as sidewalks, patios, pools, etc.  This is known as 
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the total impervious area (TIA).  However, some of the TIA is small and disconnected 
from other impervious areas, such that it drains to grassed or vegetated areas and is able 
to infiltrate into the ground before it is channelized and reaches the stormwater system.  
The subset of the TIA that is directly connected to centralized stormwater systems that 
directly discharge to surface waters is commonly called effective impervious area (EIA).  
It is this EIA that results in higher runoff volumes and peak flow rates as well as reduced 
recharge or base flow.  Runoff from small fragmented impervious areas that is not 
connected into organized drainage systems does not appreciably change the recharge 
versus runoff characteristics of the underlying surficial geology.  The recharge loss from 
EIA in the water balance tool was calculated using an equation used by the Charles River 
Watershed Association (CRWA) for a water balance analysis conducted in 2007 (EEA 
Water balances Analsyes, under development).  The relationship between EIA and TIA 
was developed from ten calibrated EIA values in two local USGS studies (Zarriello and 
Ries, 2000; Zarriello and Barlow, 2002).   
 
The equation is: 
 
Effectiveness (%) = -22.6 + 1.774 * TIA (%), min = 0% 
 
EIA (%) = Effectiveness (%) * TIA (%) / 100 
 
The percent EIA was determined from the percentage of total impervious area within 
each surficial geological category and subtracted from the total area in each surficial 
geological category.   
 
4.3. Land Use Analysis 
 
GIS was used to estimate areas serviced by public wastewater and water systems.  Sewer 
and water line data provided by DEP and communities in the watershed was used as a 
basis for estimating the service areas (Section 2).  In separate processes, a 50-foot buffer 
was applied to the sewer and water lines in GIS, and then merged with parcel data to 
capture all parcels that intersected the buffers.  These areas were considered to be 
serviced by a public wastewater or water system, respectively.  The remaining parcels 
within the watershed were assumed to be serviced by private septic systems and private 
water wells, respectively.  In towns where parcel boundaries were not available in GIS, 
aerial photographs were examined in combination with the sewer line and water line 
buffers to estimate areas that were serviced by public sewer or water.  More specific 
information about the data collection effort, data sources and buffer width is provided in 
Section 2 of this report and in the project database, provided in electronic format.   
 
Using GIS, MassGIS land use data (1999) was applied to the areas served by private 
wastewater (septic systems) and private water wells within each sub-watershed.  The land 
use categories that were included in these calculations include: 
 
• Residential – Multi-family 
• Residential – Smaller than 0.25 acre lots 
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• Residential – 0.25 to 0.5 acre lots 
• Residential – Larger than 0.5 acre lots 
• Commercial  
• Industrial 
• Participation Recreation 
 
The remaining MassGIS land use categories were either not located within the watershed 
or were assumed to have no significant septic flow or water withdrawal contribution.   
 
4.3.1 Residential  
 
The four residential land use categories include:  “Multi-family”; “Smaller than 0.25 acre 
lots”; “0.25- 0.5 acre lots”; and “Larger than 0.5 acre lots”.  The acreage associated with 
each residential land use was first divided by the average lot size for each category: 0.125 
for “Multi-family”; 0.16 for “Smaller than 0.25 acre lots”; 0.38 for “0.25 – 0.5 acre lots”; 
and 1 for “Larger than 0.5 acre lots”.  This provides the estimated number of lots for each 
residential area.  Next, the average occupancy rate for the watershed (2.6 people per 
household) was applied to each number of lots to determine the number of people per 
residential area (Census, 2000).   
 
Finally, an average wastewater flow and/or water use, expressed in gallons per capita per 
day (gpcd), was applied to each category.  These calculations are described in the 
following sections.   The average wastewater flow (gpcd) was calculated as the 64 gpcd 
average per capita water use in the watershed (EOEEA, 2006), reduced by 15 percent.  
On average, fifteen percent of household water use is estimated to be lost via outdoor 
water use (e.g., lawn watering) and therefore would not contribute to the wastewater 
effluent (USGS, 1982).  The resulting wastewater flow per person is 53 gpcd. 
 
4.3.2 Commercial  
 
Within the MassGIS land use definitions, commercial areas are defined as “general 
urban; shopping center.”  For the purposes of the study these areas were divided into 
three components, office, retail, and restaurant, based on US Census data as follows 
(Census, 2005): 
 
• Office space:  50% 
• Retail space:  40% 
• Restaurant space:  10% 
 
An estimate of gross square footage for each of these categories was calculated for the 
entire commercial area within the sub-watershed, for use in both the water use and 
wastewater discharge calculations.  Twenty percent of the total commercial area was 
assumed to be rooftop.  Based on visual observation within the watershed, it was assumed 
that the average number of floors per commercial building is 1.5.  The total building 
footprint was therefore multiplied by 1.5 floors to provide the total gross square footage. 
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The percentage of each commercial component (office, retail and restaurant) was then 
applied to the resulting commercial gross square footage to estimate a total gross square 
footage for office space, retail space, and restaurant space.   
 
According to Title 5, restaurant wastewater flow is based on number of seats.  This 
relationship was also used to estimate the water use from restaurants on private wells.  An 
average of 29 seats per 1,000 gross square feet of restaurant space was used for the 




Industrial land uses were analyzed in a similar fashion to commercial land uses.  First, 
gross square footage was calculated for the entire industrial area within the sub-
watershed.  Similar to the commercial area gross square footage, twenty percent of the 
total industrial area was assumed to be occupied by buildings.  Based on a general 
understanding of the watershed, it was assumed that the average number of floors per 
industrial building is the same as commercial buildings (1.5).  The total building footprint 
was then multiplied by 1.5 floors to provide the total gross square footage.   
 
4.3.4 Participation Recreation 
 
Massachusetts GIS data has a land use category for participation recreation that includes 
things like golf, tennis, playgrounds and skiing.  Because there was no simple way to 
divide up the land use category and because golf is assumed to be the dominant land use 
in this category, we used certain assumptions upon which we could estimate water use 
and wastewater flows.  We assumed the average nine-hole golf course was approximately 
100 acres in area.  According to Title V, wastewater flows are basically estimated based 
on the number of lockers in the clubhouse and the number of seat in the club restaurant.  
We assumed that there are 40 lockers and seats in the average clubhouse, and that the 
course is in operation for 184 days (May – October).   
 
4.4. Septic System Inputs 
 
Septic system inputs were estimated for both on-site septic systems and on-site/small 
decentralized wastewater treatment plants for all areas that were not determined to be 




The average wastewater flow (gpcd) was calculated as the 64 gpcd average per capita 
water use in the watershed (EOEEA, 2006), reduced by 15 percent.  On average, fifteen 
percent of household water use is estimated to be lost via outdoor water use (e.g., lawn 
watering) and therefore would not contribute to the wastewater effluent (USGS, 1982).  
The resulting wastewater flow per person is 53 gpcd. 
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4.4.2 Commercial 
 
According to 310 CMR 15.203 (Title V), the wastewater design flows for each of the 
commercial land-use categories is as follows: 
 
• Office building:  75 gpd per 1,000 gross square feet 
• Retail store:  50 gpd per 1,000 gross square feet 
• Restaurant:  35 gpd per seat  
 
These design flows were then divided in half, since Title V design flow calculations 
represent peak design flow conditions and are generally about double the actual average 
flows (310 CMR § 15.203 (6)).  The gross square footage for office space and retail space 
were each divided by 1,000 square feet (Title V) and then multiplied by 50% of the 
wastewater design flow (37.5 gpd and 25 gpd respectively) to determine a total 
wastewater flow for each component.  The restaurant space gross square footage was 
multiplied by 0.029 (29 seats per 1,000 square feet) and multiplied by 50% of the 




The area of industrial space was then divided by 1,000 square feet (Title V) and 
multiplied by 50% of the wastewater design flow (37.5 gpd) to determine a total 
industrial wastewater flow. 
 
4.4.4 Participation Recreation 
 
An assumption of 30 gpd per golfer was used based on Title V (10 gpd per locker and 20 
gpd per seat).  It was estimated that there are 40 lockers and seats in the average 
clubhouse, and that the course is in operation for 184 days (May – October).  The 
estimated flow per golf course, divided by 100 acres for the average nine-hole golf 
course, provides a value of 2,208 gallons per year/acre of golf course, or approximately 
six gallons per acre per day. 
 
4.5. Groundwater Discharge Permit Inputs 
 
Groundwater Discharge Permits are generally required by DEP for all groundwater 
discharges that are greater than 10,000 gallons per day.  A set of Groundwater Discharge 
Permit (GWDP) data collected from DEP was utilized to determine the wastewater flow 
associated with all of these discharges.  This compiled data set included the total annual 
discharge from these facilities for a given year, based on Daily Monitoring Reports 
provided by DEP.  This data set was used in GIS to determine the discharge flow 
associated with GWDPs in each sub-watershed.  In some cases, a sub-watershed may 
include a portion of a wastewater service area, but the discharge from that wastewater 
service area may be located in an adjacent sub-watershed.  More specific information 
about the data collection effort and data sources is provided in Section 2 and in the 
project database provided in electronic format. 
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An average water use estimate for the watershed (64 gpcd) was applied to the number of 
people within each residential area to determine the total estimated private drinking water 
withdrawal volume (EOEEA, 2006).   
 
4.6.2 Commercial  
 
Each wastewater design flow for office space, retail and restaurant was multiplied by a 
factor of 60% to determine an estimated water use, since indoor water use is 
approximately 50% of the Title V design flow (310 CMR § 15.203 (6)) and water lost via 
outdoor use is approximately 15% of total use (USGS, 1982).  The gross square footage 
for office space and retail space were each divided by 1,000 square feet (Title V) and 
then multiplied by 60% of the wastewater design flow (45 gpd and 30 gpd respectively) 
to determine a total drinking water use volume for each component.  The restaurant space 
gross square footage was multiplied by 0.029 (29 seats per 1,000 square feet) and 
multiplied by 60% of the wastewater design flow (21 gpd) to estimate a total drinking 




The total gross square footage for industrial space was divided by 1,000 square feet (Title 
V) and multiplied by 60% of the wastewater design flow (45 gpd) to estimate a total 
industrial private drinking water withdrawal volume. 
 
4.6.4 Participation Recreation 
 
The estimated water flow per golf course, divided by 100 acres for the average nine-hole 
golf course, provides a water use value of 2,208 gallons per year / acre of golf course, or 
approximately six gallons per acre per day.  A ratio of water use per capita to wastewater 
flow per capita (62 gpd / 53 gpd or 117%) was then used to determine the total private 
drinking water well withdrawals associated with golf courses.  It should be noted that this 
estimate does not include any use of water withdrawals for irrigation purposes.  Water 
withdrawals from irrigation wells with Water Management Act permits or registrations 
are addressed under the following section. 
 
4.7. Water Management Act Withdrawals  
 
Water withdrawals generally above 100,000 gpd require a Permit under the MA WMA.  
In addition, large withdrawals in existence prior to the 1988 registration date may be 
Registered withdrawals.  In some cases, a single entity or municipal water system may 
have both Registered and Permitted withdrawals.  WMA permit and registration data 
collected provided by DEP, in combination with the MassGIS Public Water Supply data 
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layer, were utilized to determine the existence of and location of major water withdrawals 
associated with public and non-public (such as industrial withdrawals and golf irrigation 
well withdrawals) water supply withdrawals within each sub-watershed, as well as the 
annual maximum allowable withdrawals (permitted and or registered volumes).  The 
Annual Statistical Reports required under the WMA were provided by DEP in a 
combination of tabular form and hard copy, and were used to determine the 2006 actual 
withdrawal volumes for WMA permitted and registered withdrawals.  In some cases, 
additional investigative research was conducted to clarify or fill in certain data that was 
either not provided in one of the data sources, or in some cases, conflicted with other 
information.  This included research such as re-examining a map, speaking with the water 
department official, or discussing the matter with DEP for clarification.  More specific 
information about the data collection effort and data sources is provided in Section 2 and 
in the project database provided in electronic format. 
 
4.8. Inflow and Infiltration 
 
Stormwater and groundwater can enter a sewer system through holes, breaks, joint 
failures, connection failures, and from cross-connections with storm sewers.  This 
phenomenon is called inflow and infiltration (I&I) and is described in Section 2 as well, 
where most inflow comes from stormwater and most infiltration comes from 
groundwater.  High groundwater levels and storm events can contribute to excessive 
sewer flows, and therefore to losses in groundwater recharge.  To account for recharge 
losses to I&I, this tool assumes losses in each sub-watershed are equivalent to one (1) gpd 
of I&I for every linear foot (lf) of sewer pipe (NEIWPCC, 1998).   
 
5.0 CASE STUDY:  WATER BALANCE FOR COWEESET SUB-
WATERSHED  
 
To illustrate the use of the water balance tool, an analysis of the Coweeset sub-watershed 
was undertaken.  As shown in Figure 4.7, the Coweeset sub-watershed, located in Easton, 
West Bridgewater and Brockton, and covers 5,314 acres, of which 1,194 (or 22%) are 
impervious.  Approximately 215 acres (18%) of the total impervious area were calculated 
as effective impervious area, per the methodology discussed in Section 4.2, and constitute 
a net loss of stormwater recharge.  The watershed is moderately developed with mixed 
land uses including residential, commercial, and industrial.  Wetlands cover 
approximately 890 acres, or 17% of the sub-watershed.  Impervious areas and wetlands 
are shown in Figure 4.8.   
 
According to MassGIS (see Figure 4.9), surficial geology in the sub-watershed is divided 
into the following four categories:  
 
• Sand and gravel: 50%; 
• Till or bedrock: 41%; 
• Fine grained deposits and Floodplain alluvium: 9%. 
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Areas without water and/or sewer service are assumed to use private wells and/or septic 
systems, respectively.  Water and sewer service information is based on data collected 
from DEP and individual communities, groundwater discharge permit information from 
DEP and MassGIS, and WMA information obtained from DEP (see in Section 2 and the 
project database, provided in electronic format, for more information about data 
collection).  Water use in the sub-watershed can be summarized as follows (Figure 4.10):  
 
• One groundwater discharge permit for 23,500 gpd, with actual flow of 1.2 
mgy; 
• Five operational public wells with total actual withdrawals of 613 mgy in 
2006; 
• Areas on septic systems: 74% of the sub-watershed (i.e., 26% of the sub-
watershed is sewered);  
• Areas on private wells: 21% of the sub-watershed; 
• Areas on both septic systems and private wells: 20% of the sub-watershed; 
and 
• Areas with public water supply and sewer: 17% of the sub-watershed. 
 
To account for recharge losses to I&I, this tool assumes losses in each sub-watershed are 
equivalent to one (1) gpd of I&I for every lf of sewer pipe (NEIWPCC, 1998).  There are 
an estimated 57,836 lf of sewer pipes in the Coweeset sub-watershed, accounting for 
approximately 21 million gallons per year of I&I losses.  
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5.1. Coweeset Brook Case Study Results 
 
Table 4.4 shows a summary of relevant outputs from the water balance method applied to 
the Coweeset sub-watershed.  According to the water balance, existing net recharge (base 
flow) is estimated to be 7.3 cfs.  As compared to an estimated natural (pre-development) 
flow of the 9.6 cfs.  This represents an estimated net loss to base flow of approximately 
24%.   
 
 
Table 4.4. Water Balance Results for the Coweeset Sub-watershed 
Total Area (acres) 5,314 
Water Inputs (MGY) 
1 Estimated effluent from Groundwater Discharge Permit data 
276 Estimated effluent from septic systems 
2,141 Estimated natural recharge (adjusted for EIA) 
Water Outputs (MGY) 
61 Estimated withdrawal volume from private wells 
613 Estimated withdrawal volume from WMA Permit data 
21 Estimated Losses to I&I 
Existing Conditions 
1,722 Existing Base flow Estimate (MGY) 
7.3 Existing Base flow Estimate (cfs) 
Natural Conditions 
2,316 Natural Conditions Base flow Estimate (MGY) 
9.6 Natural Conditions Base flow Estimate (cfs) 
Percent Change in Net Recharge -24% 
 
5.2. Water Balance Sensitivity Analysis  
 
A sensitivity analysis was conducted for the Coweeset Brook sub-watershed to evaluate 
the significance of certain assumptions in the water balance.  This analysis was conducted 
to better understand the importance to the overall water balance output of some of the 
input factors whose quantitative values are less well defined than other input factors.  
Within this analysis, for each change in the assumptions, the aquifer recharge (base flow) 
is calculated by the water balance tool to determine how sensitive the method is to each 
assumption.  The results of the sensitivity analysis are as follows: 
 
• Increasing the average “greater than 0.5 acre” residential lot size by 25% resulted 
in less than a 0.1% decrease in recharge.  Increasing other average residential lot 
sizes resulted in a similar small reduction in the calculated total aquifer recharge. 
 
• Increasing the assumed percentage of commercial space composed of rooftop by 
25% resulted in a 1.4% increase in aquifer recharge in this sub-watershed.  This 
Taunton River Watershed Management Plan  Horsley Witten Group, Inc. 
Phase I:  Data and Assessment 4-27 December, 2008 
occurs because an increase of roof area results in a 1.5 times increase in square 
footage and a corresponding increase of septic system inputs. 
 
• Aquifer recharge is also sensitive to the assumption about the average number of 
floors for commercial and industrial buildings because the larger the number of 
floors, the larger the square footage, the greater the septic system inputs, and the 
greater the resulting recharge.  A 33% change in the number of commercial floors 
per building resulted in a 1.8% change in aquifer recharge.  This is consistent with 
the previous sensitivity (i.e., rooftop area), and indicates that the more dense the 
industrial / commercial use, the greater the aquifer recharge (for areas sewered 
with public water supply and septic system wastewater disposal).  
 
• Commercial areas are assumed to be divided at the sub-watershed level between 
office, retail, and restaurant activities (50%, 40%, and 10%, respectively, of the 
overall commercial area for each activity).  The sensitivity analysis for the 
Coweeset sub-watershed showed that the tool was much more sensitive to the 
share of restaurant space than to office or retail space.  This can be explained by 
the fact that water use per square foot is two orders of magnitude larger for 
restaurant space than for the other two activities.  Changing the restaurant activity 
to 20% of the commercial area, and equally dividing the change between retail 
(45%) and office (35%), results in a 1.5% increase in aquifer recharge. 
 
Overall, significant changes to these anthropogenic assumptions have a small impact 
(<5%) on the calculated recharge within the Coweeset Brook sub-watershed under 
developed conditions.   
 
The water balance tool relies on a number of anthropogenic factors for which certain 
assumptions were made.  The process of refining the tool, as described above, indicates 
that streamflow estimated by the tool is of the appropriate order of magnitude.  For 
example, the distribution of commercial space between office, retail, and restaurant areas, 
the average number of floors for commercial and industrial buildings, as well as the 
average footprint of these buildings may vary from one sub-watershed to another, but the 
overall effect on the recharge of each assumption is not very significant.  
 
5.3. Flow Data for Coweeset Brook Sub-watershed 
 
Because the Coweeset Brook sub-watershed is one of the initial case study sub-
watersheds for this water balance tool but long term stream gage records do not exist, the 
Massachusetts Riverways Program and Bridgewater State College have been collecting 
flow data to help ground-truth the calculations of the water balance tool.  Beginning in 
the summer of 2007 and continuing at least for the near future (no termination date as of 
yet), the collected flow data currently allow for a rough estimation of base flow 
conditions in the watershed, and the accuracy of the estimate will improve as the total 
number of flow measurements increase.  It is intended that sufficient flow data will be 
available by the end of Phase II of this project to allow for a more accurate estimate of 
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base flow conditions and, therefore, a more thorough evaluation of the water balance tool 
and its input factors. 
 
Two streams flow into this sub-watershed:  Coweeset and Queset Brooks.  Below their 
confluence, the Hockomock River discharges from the sub-watershed.  Flow attributed to 
the net recharge within the sub-watershed is assumed to be equal to the difference 
between flow out of the watershed in the Hockomock River and the cumulative flow into 
the watershed from the two brooks.  Flow measurements were made at the locations 
where the respective streams entered or exited the sub-watershed.  Flow data for 
Coweeset Brook, Queset Brook, and Hockomock River were collected on seven days 
over the past year by Bridgewater State College Watershed Access Laboratory staff and 
students and the Massachusetts Riverways Program.  These data are presented in Table 
4.5. 
 
Table 4.5.  Stream Gage Flow Measurements in Coweeset Sub-
watershed (cfs) 
Date Queset Coweeset Hockomock
6/19/2007 3.55 1.47 7.66 
7/10/2007 3.41 1.27 7.65 
7/17/2007 1.13 0.51 2.65 
7/24/2007 0.9 0.42 3.14 
11/9/2007 2.35 0.67 4.12 
2/1/2008 13.15 1.19 26.44 
4/3/2008 16.73 2.15 40.62 
 
Precipitation information in the days preceding the measurements are reported in Table 
4.6.  These data were summarized from the National Weather Service (NWS), for 
Taunton, MA.  Of the seven measurement days, two of the measurements occurred within 
two days of a rainfall event greater than 0.25 inches and are, therefore, not good 
indicators of base flow conditions (July 10 and February 1).  The other five measurement 
dates are considered good indicators of base flow conditions. 
 
Table 4.6.  Precipitation at NWS Taunton Stations 
Precipitation 
(inches) 6/19/07 7/10/07 7/17/07 7/24/07 11/9/07 2/1/08 4/3/08 
Day of 
Measurement 0 0 0 0 T 1.15 0 
Previous day 0.01 0.01 T 0.04 0 0 0 
Two days before 0.19 0.42 0.16 0 0 0.14 N/A 
T = Traces 
N/A: no data was available for that day on the NOAA website.  
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To normalize the limited base flow measurements for the Coweeset sub-watershed to a 
longer term record that can be considered more indicative of long term average 
conditions, the USGS streamflow statistics for the long term record (from 1966 to the 
present) of the Old Swamp River in Weymouth, MA (USGS gage 01105600) were 
reviewed and analyzed.  This river is the same as the one used to analyze the Rattlesnake 
data.  In this case, the average of monthly minimum flows was used as a base flow 
condition in the Old Swamp River.  Accordingly, adjustments were made to the five 
recorded base flow measurements from the Queset, Coweeset and Hockomock to 
estimate base flows, based on comparisons to actual recorded flow at the Old Swamp 
River gage station on those same dates and the computed average monthly minimums 
(see Table 4.7).  The two Coweeset measurement dates that are not considered 
representative of base flow conditions were left out of this analysis because the 
precipitation – runoff response in a developed watershed like Coweeset Brook is likely 
different from that of a relatively undeveloped watershed like Old Swamp River.   
 
Table 4.7.   Old Swamp River Flows (Actual vs. Base) in cubic feet per second 
Date Old Swamp River Old Swamp River  
Mean of Minimums
Ratio
6/19/2007 1.4 1.5 0.93 
7/17/2007 0.41 0.62 0.66 
7/24/2007 0.47 0.62 0.76 
11/9/2007 2.1 3.5 0.60 
4/3/2008 5.4 5.4 1.0 
 
The three June/July flows were then averaged to determine a summer flow which was in 
turn averaged with the two remaining November and April measurements to estimate a 
preliminary, average annual baseflow for the three streams (see Table 4.8).  This analysis 
suggests that the total cumulative inflow to the Coweeset sub-watershed from the Queset 
and Coweeset Brooks is approximately 9 cfs and that the average annual outflow through 
the Hockomock River as it leaves the Coweeset sub-watershed is 17.6 cfs, indicating a 
net gain in base flow of 8.6 cfs from aquifer recharge within the watershed.   
 
Our preliminary estimate of base flow gain in the watershed is, therefore, approximately 
8.6 cfs.  This compares favorably to the estimate from our case study water balance tool 
of approximately 7.3 cfs of average annual aquifer recharge occurring under existing 
conditions.  As more flow data is collected, a more accurate comparison of the water 
balance results to field-generated base flow estimates can be obtained. 
 
Table 4.8.  Adjusted Coweeset Flows (cfs) and Hydrologic Balance under Existing 
Conditions 
Date Queset Coweeset Total Inflow Hockomock Net Gain
6/19/2007 3.82 1.58  8.24  
7/17/2007 1.71 0.77  4.02  
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7/24/2007 1.18 0.55  4.13  
Summer 
Average 2.24 0.97  5.46  
11/9/2007 3.92 1.12  6.87  
4/3/2008 16.73 2.15  40.62  
Average 
Baseflow 7.63 1.41 9.04 17.65 8.61 
 
 
6.0 GIS BASED WATER BALANCE METHOD 
 
In order to streamline and automate the water balance calculations, apply the water 
balance methodology to all 108 sub-watersheds, and have the ability to simulate 
alternative water management or development scenarios, the water balance method was 
converted to a two-step GIS-based tool.  This tool uses the same assumptions as the 
spreadsheet version developed for the Coweeset and Rattlesnake sub-watersheds.  The 
outputs for the Coweeset and Rattlesnake sub-watersheds using the GIS-based tool were 
compared against the outputs of the spreadsheet-based tool in order to ensure that the 
GIS-based tool was developed properly. 
 
The GIS-based tool was created in two steps.  The first step automates the geo-processing 
of information layers such as geology, land use, impervious areas, or wetlands through 
the use of an ArcGIS tool called ModelBuilder.  Instead of performing individual geo-
processing steps within ArcGIS by hand, which can be very time-consuming, 
ModelBuilder allows the ArcGIS user to automate the process by creating a flow-chart of 
individual geo-processes that can all be run at once, creating all relevant output 
information layers in a single run.  Information layers utilized in this first step include the 
following:  
 
• sub-watershed boundaries; 
• land use;  
• wetlands; 
• geology;  
• impervious areas; 
• water service areas; 
• sewer service areas; 
• sewer pipe lengths;  
• permitted groundwater discharges; and 
• permitted groundwater withdrawals. 
 
A second step uses a script to automate the water balance calculations based on the 
assumptions described earlier, and on the information layers generated from the first step.  
This step allows the user of the planning tool to avoid the creation of individual 
spreadsheets for each of the 108 sub-watersheds in the Taunton watershed.  This second 
step:  
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• accesses data behind the information layers generated by the first step (e.g., 
sewered industrial areas); 
• calculates the water balance components (e.g., public well withdrawals, 
groundwater recharge); 
• compares natural recharge to recharge under developed conditions; and 
• exports the information to a GIS layer so that the water balance for each sub-
watershed can be mapped. 
 
 
7.0 SUMMARY OF WATER BALANCE RESULTS 
 
7.1 Water Balance Results 
 
Figure 4.11 shows the results of the water balance analysis by sub-watersheds, excluding 
surface water withdrawals and NPDES permit information.  This analysis shows that of 
the 108 sub-watersheds, 29 (27%) have surplus water compared to natural conditions and 
79 (73%) show water deficits.  They range from a high surplus of 9% in one sub-
watershed to a net reduction of 231% in a small sub-watershed with several significant 
major water withdrawals.  These surpluses and reductions are placed into 5 categories for 
the purposes of comparing the relative impact of development on these watersheds over 
time.  As this water balance method is a planning level tool, it is these categories that are 
most relevant to the decision-maker rather than actual water balance numbers themselves. 
 
Overall, the analysis shows a total existing net recharge of 122,900 mgy compared to an 
estimated natural recharge rate of 131,000 mgy.  This represents a 6.2% water deficit 
throughout the entire Taunton watershed.   
 
It should be recognized that each of the computed water balances is specifically for that 
sub-watershed.  With the exception of headwater sub-watersheds (those that are located 
at the top of the Taunton watershed and have no inflow), the majority of sub-watersheds 
receive inflow from other upstream sub-watersheds and observable streamflow is 
therefore also impacted by upgradient sub-watersheds.  Cumulative analyses of sub-
watersheds will be required in these cases to evaluate impacts on ecosystems.   
 
For example, we have completed a cumulative analysis of the sub-watersheds that flow 
into and include the Hockomock Swamp (Figure 4.12) whose drainage area includes 19 
sub-watersheds.  The total existing recharge of this drainage area is 24,206 mgy and the 
natural recharge rate is 23,741 mgy.  This represents a 4.5% deficit in recharge to the 
Hockomock Swamp.  
 
Figure 4.13 shows the results of the water balance analysis by sub-watersheds, including 
surface water withdrawals and NPDES permit information.  This analysis shows that of 
the 108 sub-watersheds, 34 (31%) have surplus water compared to natural conditions and 
74 (69%) show water deficits.  They range from a high surplus of 259% in one sub-
watershed to a net reduction of 1225% in a small sub-watershed with several significant 
major water withdrawals.  These surpluses and reductions are placed into 5 categories for 
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the purposes of comparing the relative impact of development on these watersheds over 
time.  As this water balance method is a planning level tool, it is these categories that are 
most relevant to the decision-maker rather than actual water balance numbers themselves. 
 
Overall, the analysis shows a total existing net recharge of 132,983 mgy compared to an 
estimated natural recharge rate of 130,962 mgy.  This represents a 1.5% water surplus 
throughout the entire Taunton watershed.  The sample cumulative analysis of the 
Hockomock swamp sub-watersheds including surface water withdrawals and NPDES 
permit information results in a total existing recharge of this drainage area is 24,206 mgy 
and the natural recharge rate is 23,741 mgy.  This represents a 2.0% surplus in recharge 
to the Hockomock Swamp.  
 
Based upon the results of these analyses, there is a need to balance the hydrologic 
budgets in the Taunton River Watershed.  The historic development of land and the 
related water, sewer and stormwater infrastructure has resulted in many shifts from one 
sub-watershed to another leaving many areas with water deficits and some with 
surpluses.  The water policy of “keeping water local”encouraged by DEP and EEA 
should direct future land use planning and infrastructure projects to, at a minimum, not 
exacerbate hydrologic imbalances and ideally to restore natural balances to the extent 
possible.  As it is refined with future work, the water balance method presented here may 
be one tool to help evaluate the hydrologic impacts of potential future policies, 
development scenarios, or other water resource related questions. 
 
7.2 Water Balance Methodology Limitations 
 
As described earlier, this water balance tool is a planning-level tool to assist in the 
watershed planning decision making process across the Taunton watershed.  The purpose 
of this model is to provide a better understanding of the relative impacts on the natural 
hydrologic budget in different regions of the watershed.  This tool provides a useful and 
manageable strategy for breaking down the watershed into smaller sections for closer 
evaluation, and provides a mechanism for prioritizing these areas for future action 
(remediation, protection, etc.).  While the actual numeric results of the water balance tool 
are interesting, it is the comparison between watersheds that is most useful.  For this 
reason, we have presented the results using a color coding for ranges of water balance 
deficit or surplus. Following is a summary of certain limitations that should be considered 
when using this too: 
 
• It is reflective of conditions over an annual timeframe in order to show long term 
impacts to the natural water balance budget from human uses in the watershed.  
Therefore, the tool does not capture drought or wet conditions, and does not 
reflect conditions that occur over short time periods of less than a year. 
• The data collection effort undertaken for this phase of the project was rigorous, 
but in certain cases, as described in Section 2, data were unavailable or thought to 
be potentially inaccurate.  Reasonable assumptions were incorporated when 
necessary, as described in Appendix A.   
• The model reflects data for the time period of approximately 2005 and 2006.   
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